abstract BACKGROUND AND OBJECTIVE: Transcutaneous bilirubin (TcB) devices are widely used for the estimation of serum bilirubin levels in term and near-term infants. Our objective was to review the diagnostic accuracy of TcB devices in preterm infants.
Jaundice is common in the newborn period, with a majority of neonates developing visible jaundice within the first few days of birth. 1, 2 In a significant proportion, this development does not possess any risks to the newborn; however, up to 10% of term and 25% of near-term neonates develop significant serum bilirubin levels requiring treatment. 3 Optimal diagnosis and management of neonatal hyperbilirubinemia require clinical examination and estimation of serum bilirubin. On clinical examination, the newborn jaundice is noted to have cephalocaudal progression. 4 However, visual assessment of serum bilirubin has been shown to correlate poorly with measured bilirubin levels in recent studies. 2, 5, 6 Blood sampling for estimation of serum bilirubin is one of the most common tests ordered in the neonatal units. The blood sampling is often done by heel prick and is painful, with potential longterm consequences. 7 Transcutaneous bilirubin (TcB) devices estimate serum bilirubin noninvasively. These devices work by directing light into the skin of the neonate and measuring the intensity of specific wavelengths returned. 8 The number of wavelengths varies depending on the TcB device. These devices have been shown to correlate well with serum bilirubin levels in term and near-term infants. [9] [10] [11] [12] [13] The American Academy of Pediatrics recommends the use of TcB devices for the evaluation of jaundice in infants .35 weeks' gestation. 14 Hyperbilirubinemia in preterm infants is more prevalent, more severe, and its course more protracted than in term neonates, 15 likely from slower postnatal maturation of hepatic bilirubin uptake and conjugation mechanisms. 16 In addition, delay in initiation of enteral feedings may limit intestinal motility and bacterial colonization, resulting in enhancement of bilirubin enterohepatic circulation. Although the existing guidelines allow use of TcB devices for the evaluation of jaundice in term and near-term neonates, 14 the accuracy of TcB devices for estimation of serum bilirubin in preterm infants remains unclear.
The objective of the current systematic review was to assess the diagnostic accuracy of TcB devices compared with the total serum bilirubin (TSB) measurement in preterm infants during the neonatal period.
METHODS

Search and Selection
We executed a sensitive search strategy of the following databases: Medline, Embase, Cochrane library, Cumulative Index to Nursing and Allied Health Literature, and Scopus (from the date of inception of the database to December 2012) by using both Medical Subject Headings and key words such as: ((exp Infant, Newborn/ or exp Intensive Care Units, Neonatal/ or exp Neonatal Nursing/ or nicu.mp. or exp Infant, Newborn, Diseases/ or exp Infant, Premature/ or neonat*.mp. or exp Neonatal Screening/ or exp Premature Birth/ or pre-term. mp. or preterm*.mp. or post-term*. mp.) and (bilitest* or bilimed* or biliblitz* or bilicheck* or bilichek* or tcbr or icterometer* or bilirubinometer*).mp. and ((exp Hyperbilirubinemia, Neonatal/ or (bilirubin* or hyperbilirubin*). ti,ab. or exp Hyperbilirubinemia, Hereditary/ or exp Jaundice, Neonatal/) and transcutaneous* or non-invasive* or noninvasiv* or minolta or skin* or tissue).mp.)) and ((blood or capillar* or plasma* or prick* or "heel poke*" or serum or tsbr or tsb).mp. or exp Blood/or exp Capillaries/ or exp Serum/ or exp Plasma/)). Additional terminology and predefined database limits were added to restrict the references to those related to infants ,1 month of age. English language restriction was applied. Conference proceedings and bibliographies of included studies were searched for additional studies.
Studies were included in the review if they enrolled preterm (,37 weeks' gestation) infants and compared TcB results with TSB estimation during the neonatal period. We excluded pilot studies (defined a priori as those enrolling #20 subjects), studies enrolling preterm infants along with term infants if they did not provide separate preterm data, and studies evaluating TcB devices in subjects receiving phototherapy (Supplemental Information).
FIGURE 1
Flow of studies through the selection process. The outcome of interest was agreement statistic between TcB and TSB measurements, provided either as the correlation coefficient or as the mean and SDs of absolute difference plots (Bland-Altman difference plots). 17 
Data Extraction and Assessment of Risk of Bias
Titles, abstracts, and citations were independently assessed by 2 reviewers for inclusion based on predefined selection criteria. Data from included studies were extracted on a specifically designed data extraction form by 1 reviewer and checked for accuracy by a second reviewer. Risk of bias assessments were conducted according to the QUADAS-2 tool. 18 This tool consists of 4 key domains: patient selection, index test, reference standard, and flow and timing. Each study is assessed for risk of bias in each of the domains and for concerns regarding applicability in the first 3 domains. Disagreements were resolved by consensus among the members of the review team.
Data Analysis
A meta-analysis was performed on the available data from both the correlation coefficients between measurements of TcB and TSB and the Bland-Altman difference plots. All correlations were first converted to Fisher z scores before being pooled. The resulting pooled Fisher z scores were then transformed back into standard correlation coefficients for ease of interpretation. For Bland-Altman difference plots, we pooled the mean TcB -TSB differences and variance across eligible studies for estimation of bias and SDs, respectively, by using methods as described by Peyton and Chong. 19 A priori subgroup analyses were planned to explore the influence of the site of TcB measurement and the type of TcB device used. Data pertaining to all TcB 
RESULTS
We identified 22 studies 9,20-40 providing 3527 paired measurements of TcB and TSB in 1628 patients who fulfilled the inclusion criteria (Fig 1) . The baseline characteristics of the included studies are presented in Table 1 . Studies varied in terms of the gestational age of the participants (23-36 weeks); site of TcB measurement (forehead: 16 studies; sternum: 10 studies; abdomen: 3 studies); TcB device used (BiliCheck: 9 studies; JM-103: 7 studies; JM-102: 4 studies; other devices: 4 studies); method used for serum bilirubin measurement (direct spectrophotometry: 14 studies; Diazo method: 7 studies; high-performance liquid chromatography: 1 study); and agreement statistic used for comparison (correlation coefficient: 21 studies; Bland-Altman difference plots: 13 studies [with 12 studies reporting results by both methods]).
Results for risk of bias assessments on the included studies are provided in Table 2 . Using the QUADAS-2 tool, the majority of the included studies were assessed as low risk for bias with respect to patient selection, index test, reference standard, and flow and timing. Most studies conducted the TcB and TSB estimations within a short interval of time (within #30 minutes: 17 studies [77%]; within 1 hour: 21 studies [95%]). For applicability, 3 studies 22, 30, 38 were assessed as high risk for applicability concerns as an index test because the TcB devices used in those studies are no longer used in clinical practice.
Meta-analysis of Correlation Coefficients
Twenty-one studies 9, [20] [21] [22] [23] [24] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] provided results for correlation coefficients, and the pooled estimates according to the site of measurement were as follows: (Fig 2) . There were no subgroup differences with respect to 
Bland-Altman (TcB -TSB Differences) Plot Analysis
Thirteen studies 20, 21, 23, 25, 26, [32] [33] [34] [35] [36] [37] 39, 40 provided results as an analysis of the Bland-Altman difference plots. The studies were published between the years 2003 and 2012, and the majority used either JM-103 (6 studies) or BiliCheck (6 studies) devices except for the study by Karen et al, 26 which used Bilimed. In addition, 2 studies
FIGURE 2
Pooled estimates of correlation coefficients according to the site of TcB measurement.
evaluated the JM-102 device along with the BiliCheck and JM-103. 37, 40 The results of TcB -TSB differences, along with their SDs for individual studies, are listed in Table 3 . Table 4 shows pooled data for the bias estimates and precision according to the study characteristics. The bias estimates were negligible at both the forehead and the sternum sites, with a comparable precision noted across both sites (pooled estimate of SD at forehead: 29.46 mmol/L; pooled estimate of SD at sternum: 26.06 mmol/L).
In terms of devices used, the 2 commonly used TcB devices showed comparable bias; however, the JM-103 was noted to be more precise compared with the BiliCheck (pooled estimate of SD: 24.3 and 31.98 mmol/L, respectively).
DISCUSSION
We identified a large number of studies evaluating the diagnostic accuracy of various TcB devices in a preterm population. The results of this review found that TcB measurements correlate reasonably well with the serum bilirubin estimation in premature infants, particularly for the 2 widely used TcB devices in practice (ie, BiliCheck and JM-103). The accuracy of these 2 devices was similar for the measurement at the forehead site; however, JM103 exhibited better correlation with TSB for measurement at the sternum (P = .02). The analysis of absolute TcB -TSB difference plots revealed minimal bias in measurements, irrespective of the site and the device used, although the JM103 device showed a slightly better precision compared with the BiliCheck device. When the data from subjects born at #32 weeks' gestation were analyzed separately, the results were comparable to the diagnostic accuracy in the overall preterm population.
To the best of our knowledge, this is the first systematic review looking at the
FIGURE 5
Pooled estimates of correlation coefficients for studies reporting data for infants ,32 weeks' gestation. diagnostic accuracy of TcB devices in a preterm population. We present pooled data for bias and precision estimates along withthe more commonly used measure of the correlation coefficient, as the latter typically describes the strength of a relation between 2 variables rather than agreement between them. 17 Thus, the clinical utility of correlation coefficient data is limited because they intuitively do not provide information regarding expected differences between the measurements conducted on a given patient by 2 separate tests.
The pooled estimates of bias noted here are comparable to the accuracy of these devices in a term population, [41] [42] [43] [44] in whom the use of these devices has been shown to result in a marked decrease in blood sampling for assessment of neonatal jaundice. 45, 46 However, there is a lower threshold for the initiation of phototherapy for preterm infants, with certain guidelines providing specific cutoffs for each gestational week according to the postnatal age. 47 Thus, the information from this systematic review should be incorporated in clinical practice, taking into consideration the thresholds for phototherapy in preterm infants. In our opinion, based on the data presented here, a TcB reading $50 mmol/L below the phototherapy threshold for an infant could be considered safe for not initiating phototherapy in an otherwise well preterm, without the need for TSB estimation from the laboratory. Similarly, a TcB reading above the phototherapy threshold may be sufficient grounds to initiate phototherapy without the invasive test in most situations. The latter recommendation is made despite knowing that some of these infants may be classified as below the phototherapy threshold based on TSB results because those infants are still likely to be reasonably close to the threshold.
Our review is not without limitations. First, we were unable to include a few studies that enrolled preterm infants along with the term infants. These studies did not provide comparison data for preterm populations separately in their publication and upon contacting the principal author of the study. The majority of these excluded studies enrolled near-term infants in whom the accuracy of TcB devices is not debated. Second, the estimates provided for the very preterm population are based on limited data. Although several studies enrolled subjects #32 weeks' and #28 weeks' gestation, only a few studies provided comparison data separately for these subpopulations. However, it is reassuring that the estimates for these subpopulations were comparable to the overall estimates in the preterm population. Third, several of the included studies also provided results of the relationship between TcB and TSB as a linear equation with slope and intercept. We did not pool results of these data because it would be difficult to interpret such information in clinical practice. Fourth, we did not include studies that provided data for infants under phototherapy or postphototherapy. Thus, the results of our review cannot be applied to those situations. Fifth, we did not apply a formal test to check for publication bias; however, the funnel plot of the included studies did not reveal any obvious asymmetry suggestive of missing studies with poor correlation coefficients. Lastly, several of the studies included in the meta-analysis provided multiple readings from each patient enrolled, leading to the statistical risks of dependency of data. We separately compiled studies that provided results for 1 data point for each subject for our sensitivity analysis (Fig 3) . The results were similar to the overall results with no significant heterogeneity noted. GENES AND OBESITY: A friend of mine has wrestled with being overweight for years. She is very careful about her diet, exercises maniacally, and limits her alcohol consumption. Despite these efforts, her BMI has always been . 30. Her weight does not seem to be related to lack of self-control and is not easily understood. My friend' s weight problems may be due to her genes.
CONCLUSIONS
As reported in The New York Times (July 19, 2013), researchers have known for a long time that some aspects of weight gain are hereditary. Twins raised apart tend to have the same weight, while adopted children tend to have the body mass of the biologic parents, not their adopted parents. Evidence has accumulated over time to suggest that dozens of genes may be involved in increasing appetite, and new research suggests that at least one gene is associated not only with appetite but with a change in mammalian metabolic rate. The investigators developed knockout mice deficient in brain-and body-expressed "melanocortin receptor accessory protein 2" (MRAP2). When allowed to eat as much food as desired, the MRAP2 deficient mice were voracious and quickly became extremely obese. When MRAP2 deficient mice were fed the same number of calories as normal mice however, only the MRAP2 deficient mice became obese. The MRAP2 mice had to be fed 10% to 15% fewer calories in order to demonstrate the same weight gain as their normal siblings. How MRAP2 controls weight gain is not entirely understood, but researchers suspect that MRAP2 regulates "melanocortin 4 receptor" (Mc4r), a protein previously implicated in mammalian obesity. Without MRAP2 production, appropriate appetite and energy metabolism regulated by Mc4r is impaired. Interestingly, four children in a registry of 500 severely obese children were found to have alterations in the MRAP2 gene while none of the healthy controls in the same study did. While still very preliminary, researchers are now looking for alterations in the MRAP2 gene that could lead to partial expression and hence, explain some of the variance in weight gain among people consuming the same number of calories. While it will not help my friend lose weight, I think she will appreciate learning that obesity is not always about loss of self-control. 
